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Climate model simulations  
The model used for all the simulations contained in this dataset was the coupled climate model 
HadCM3. This model has been well documented in previous papers e.g. Pope et al.1, Gordon et al.2 
and has been used extensively (see e.g. Tett et al.3 Stott et al4, and references therein). The 
atmospheric component has a resolution of 2.5º X 3.75º longitude with 19 levels, while the oceanic 
component has a resolution of 1.25º X 1.25º with 20 levels. The experimental strategy is outlined in 
table 1.  
 
Name Years No. of Forcings 
 (C.E.) runs Solar Volcs GHGs LUSE AER O3 Orb 
All long 800-
2000 
1     >1820   
DRIFT 
(CTL850) 
800-
2000 
1 850 800- 
850 
800-
850 
825 0 PI 825 
Solar 
Shapiro 
800-
2000 
1  
Shapiro 
800- 
850 
800-
850 
825 0 PI 825 
All 1400-
2000 
3     >1820   
(Weak ) 
Solar 
1400-
2000 
4  0 1400 1400 
 
0 PI 1400 
VOLC 1400-
2000 
3 1400  1400 1400 
 
0 PI 1400 
GHG 1400-
2000 
4 1400 0  1400 
 
0 PI 1400 
NoLUSE 1400-
2000 
4    1400 >1820   
NoAER 1750-
2000 
4     0   
 
Table 1 - Details of experimental design. A tick indicates where the simulations included the forcing 
for the whole time period. AER indicates aerosols and LUSE Land use. Where a single year or range is 
given the forcing was constant at the year or range. PI is pre-industrial ozone. 
 We carried out three simulations from 800 AD all starting from the same initial conditions taken 
from a 5505 year control run: All long, CTL850 and Solar Shapiro. In model year 1400 we spun off 
ensembles driven with individual forcings, while keeping the other forcings at 1400 conditions. The 
ensembles were all initialised with ocean conditions in year 1400 from All long and different 
atmospheric states near 1400 (1390, 1400, 1410 and 1420 of All Long). In addition another 4 
simulations were run without aerosols starting in year 1750, initialised by the oceanic conditions and 
atmospheric conditions in year 1750 from the 4 ALL simulations. Note that since ensemble members 
start from the same ocean state, for the first 50 years ensemble members may not be statistically 
independent5.  
 
External Forcings 
 
Orbital, Volcanic and solar forcing 
Changes in orbital parameters were calculated following Berger6, which were then used to modify 
the top of atmosphere insolation. The volcanic forcing used was that described in Crowley et al.7 and 
is shown in fig. 1a. This reconstruction is based on ice-core records from Antarctic and Greenland 
calibrated based on the Pinatubo eruption in 1991 and is evaluated by comparison to 20th century 
instrumental records. The reconstructed aerosol optical depth is given in four latitudinal bands 
(90°N-30°N, 30°N-equator, equator-30°S, 30°S-90°S), and this is implemented in the model. The 
estimate in the magnitude in overall volcanic forcing has an estimated 1-sigma uncertainty of ± 35% 
while that in the magnitude of individual eruptions is higher (see the supplementary material in 
Hegerl et al.8) 
The solar forcing used in the ALL forced runs up to 1810 is based on the reconstruction of 
Steinhilber, Beer and Fröhlich9, a Total Solar Irradiance (TSI) reconstruction based on the cosmogenic 
radionuclide 10Be measured in ice cores. Following Schmidt et al12 for the period 1810-2000 we used 
the solar reconstruction of Wang, Lean and Sheeley10, which is based on a flux transport model of 
the open and closed flux which uses the observed sunspot record as the main input. To get the two 
different reconstructions to match up a linear combination of the Wang et al. reconstruction with 
background and without background was used so that the mean value of the sum was identical to 
that of the Steinhilber reconstruction between 1810 and 1820. The TSI over the total duration of the 
simulations is shown in fig. 1b.  
 
 Fig. 1- Drivers used for the All long simulation. (A) Volcanic aerosol optical data from Crowley et al.7, 
showing the global mean volcanic aerosol optical depth at 0.55μm. (B) Total stellar irradiance data 
from Steinhilber, Beer and Frohlich9 for 800-1810 and from Wang, Lean and Sheeley10 1810-2000. (C) 
Concentration of CO2, N2O, CH4 from Schmidt et al.
12 (D) Percentage of global land mass from 
Pongratz et al.13. 
 
To test the effect of a stronger solar forcing a simulation was also run with the Shapiro et al.11 solar 
forcing (see table 1). A comparison between this strong solar forcing and the Steinhilber/Wang solar 
forcing on inter-decadal timescales is shown in fig. 2.  
Fig. 2 – Solar reconstructions –Change in Total Solar Irradiance (TSI) relative to mean TSI from 
1000-1950.  The “weak” solar values used in this paper (a composite of Steinhilber et al.9 and Wang 
et al.10) is shown in green. The “strong” solar values ( Shapiro et al.11 ) is shown in blue. The weak 
solar TSI multiplied by a factor of 8.53 is shown in red. All the solar reconstructions have first been 
smoothed by a cubic spline filter and then an 11 year boxcar filter. 
 
Well-mixed Greenhouse Gases, aerosols and ozone 
Our model runs have been forced by changes in well-mixed greenhouse gases, namely the 
abundance of CO2, N2O and CH4 and other trace gases. Abundances for the first three were set 
following the PMIP3 standard (see Schmidt at al.12), which means that the data over the industrial 
period is taken from the Goddard Institute for Space Studies (GISS), and the values are then linked 
with splines through the ice core results of the last 2 millennia. The atmospheric concentrations of 
CO2, N2O and CH4 are shown in fig. 1c. Changes in the abundances for 6 Halocarbons are set following 
Tett et al.3. 
Changes in anthropogenic aerosol are as described in Tett et al.3 from 1820 onwards. This treatment 
includes the direct effect of the aerosol particles calculated by the model’s radiation scheme as well 
as a parameterization for the indirect effect of aerosols on cloud optical properties via an off-line 
calculation. It also uses a sulphur cycle model which allows for particle coagulation. 
 Changes in both tropospheric and stratospheric ozone were included as described in Tett et al.3 This 
treatment does not include changes due to variations in solar radiation. 
 
Land-surface changes 
To simulate the forcings due to a change in land-cover we used the Global land cover reconstruction 
developed by Pongratz et al.13, which has yearly land surface maps from AD 800 to 1992 given on a 
0.5 X 0.5 grid. These values were used to calculate the land-surface parameters. The proportion of 
global land covered by forest, crops and pasture is shown in fig. 1d. The land surface scheme 
incorporated in the HadCM3 GCM is “MOSES1” (Met Office Surface Exchange Scheme 1) 14. 
 
 
This document is an extract from the supplementary information for the paper: 
Schurer, Tett, Hegerl: Small influence of solar variability on climate over the past 
millennium, Nature Geoscience (2013) doi:10.1038/ngeo2040 
More information regarding the model simulations and forcings used can be found in this 
article. 
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